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Neurotransmitterues containing buccal ring nerve or longitudinal radial nerve of sea cucumber
induce oocyte maturation and ovulation from ovarian tissues. We puriﬁed two small peptides, a
pentapeptide and a heptapeptide, from the buccal tissues of Japanese common sea cucumber, Aposticho-
pus japonicas. Both peptides induced oocyte maturation and gamete spawning. The pentapeptide was
identiﬁed as NGIWYamide. This peptide induced in vitro germinal vesicle breakdown and ovulation of fully-
grown oocytes at less than 1 pM and in vivo spawning at 10 nM. A synthetic derivative of the pentapeptide,
NGLWYamide, was 10–100 times more potent compared to the natural NGIWYamide. The heptapeptide was
less potent, inducing ovulation at 1 μM. NGIWYamide and NGLWYamide induced a characteristic spawning
behavior when injected into sexually matured individuals. Mature eggs artiﬁcially spawned were fertilized,
and developed normally and metamorphosed into young sea cucumbers. The details of the production and
the mechanism of action of NGIWYamide are still unclear, but the high biopotency of the peptide will aid
understanding of the neuronal and hormonal control of reproduction of sea cucumber.
© 2008 Elsevier Inc. All rights reserved.IntroductionStarﬁsh have long been used as model organisms for the study of
reproductive biology after the ﬁnding of spawning-inducing activity in
a nerve extract of Asterias forbesi by Chaet and McConnaughy (1959).
Kanatani et al. established starﬁsh as an important model animal by
revealing themechanisms of hormonal control of reproduction. Radial
nerves produce and release a gonad-stimulating substance (GSS) to
stimulate the follicle cells surrounding oocytes. The activated follicle
cells synthesize and secrete amaturation-inducing substance (MIS),1-
methyl adenine (1-MeAde), to trigger the resumption of meiosis of
oocytes (Kanatani 1983, Shirai 1986). 1-MeAde acts on an oocyte
membrane receptor (Yoshikuni et al., 1988; Tadenuma et al., 1992) to
activate a maturation-promoting factor through a pathway recently
clariﬁed by Kishimoto et al. (Okumura et al., 2002; Hiraoka et al.,
2004). Thus, in starﬁsh, two hormonal components, the GSS secreted
from radial nerves and the MIS from follicle cells, act sequentially to
induce oocyte maturation and spawning. A similar hormonal system
also exists in teleosts and amphibians (Nagahama, 1994; Nagahama et
al., 1995; Sretarugsa and Wallace, 1997; Rasar and Hammes, 2006). In
teleosts, two gonadotropic hormones are secreted from hypothalamushikuni).
l rights reserved.(FSH and LH, Suzuki et al., 1988) and stimulate gonads via two
respective receptors (Oba et al., 1999). In female ﬁsh, FSH stimulates
ovarian follicle cells to produce an estrogen, estradiol-17β, during
vitellogenesis and LH stimulates production of progestins such as
17α,20β-dihydroxy-4-pregnen-3-one (17α,20β-DP) or 17α,20β,21-
trihydroxy-4-pregnen-3-one at the time of oocyte maturation
(Senthilkumaran et al., 2004).
1-MeAde and 17α,20β-DP are the ﬁrst identiﬁed maturation-
inducing hormones in invertebrates and in vertebrates, respectively.
Gonadotropic hormones (GTHs) are upstream hormones regulating
production of 17α,20β-DP in ﬁsh gonads, while the chemical nature of
GSS has not been identiﬁed until very recently, despite the length of
time since GSS was ﬁrst discovered. We have puriﬁed and identiﬁed
the starﬁsh GSS in an extract prepared from radial nerves of Asterina
pectinifera. GSS is a peptide of approximately 4700 molecular weight
and stimulates follicle cells to secrete 1-MeAde (in preparation).
The reproduction of sea cucumber has also been broadly
characterized. Maruyama examined gonadotropic activity in extracts
prepared from radial nerves of ﬁve species of sea cucumbers (1985,
1986). The nerve extracts induced in vitro oocyte maturation not only
in their own species but also in closely-related species. Maruyama also
reported that the gonadotropic activity was derived from a peptidic
substance with a molecular weight of several thousands and
stimulated ovarian fragment to secrete some secondary factor which
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envelope. These characteristics appear similar to starﬁsh GSS. There-
fore, we originally aimed to purify and identify a GSS-like substance
involved in inducing oocyte maturation of sea cucumber. We have
used buccal tissue of Apostichopus japonicus as a starting material for
puriﬁcation because buccal tissue containing the buccal ring nerve of
A. japonicus has been found to contain gonadotropic activity similar to
that of the longitudinal radial nerves (Okada and Shirai, personal
communication).
In this report we identify a native peptide potent in inducing
oocyte maturation, ovulation and spawning of A. japonicus. The
peptide induced a typical spawning behavior characterized by head
waving during spawning. Therefore, we have named this peptide
“Cubifrin”, after the Japanese word “kubifuri” which means waving
head.
Materials and methods
Animals
Japanese common sea cucumbers, A. japonicus, were purchased
from local ﬁshery cooperatives at Ohita, Mie, Aichi and Hokkaido
prefectures in Japan from March to August during the breeding
seasons. Animals were kept in temperature-controlled running sea-
water at 13–15 °C and fed daily with Namako Energy (Nosan Co.,
Yokohama) or brown seaweed (Undaria pinnatiﬁda) at Fishery
Research Laboratory of Kyusyu Univ. and National Research Institute
of Aquaculture.
Preparation of neural extract for puriﬁcation
Sea cucumber has two major nerve systems, the longitudinal
radial nerves and the buccal ring nerve. The ring nerve runs around
the bases of the buccal tentacles, and ﬁve radial nerves diverge from
the ring nerve and separately run with ﬁve radial longitudinal
muscles caudally along a body axis. The radial nerve was originally
reported to contain gonadotropic activity (Maruyama, 1985), but the
buccal part was also shown to contain the same level of gonadotropic
activity as that of the radial nerve (Okada and Shirai, personal
communication). In preliminary experiments we also conﬁrmed that
the ring nerve contained a similar gonadotropic activity to that of the
radial nerve. In this study we used the ring nerve as a starting
material for puriﬁcation of the gonadotropic activity because of ease
of dissection.
Buccal tissues were surgically excised and quickly frozen in liquid
nitrogen, then kept at −80 °C until use. The excised portion also
contained a circular canal, radial canal and calcareous ring, but the
circular haemal vessel, Polian vesicles, tentacles, tentacle ampulla and
surface skinwere removed asmuch as possible. As these buccal tissues
are buried inside the body wall, it was not possible to completely
remove the body wall from the preparation.
The frozen buccal parts were pulverized using an Impact Crusher
(Nichi-on Medical Co., Tokyo) in a liquid nitrogen-chilled sample
container. The pulverized tissues were homogenized in the same
volume of ice-chilled 4 N acetic acid containing 0.4 mM β-aminoethyl
benzensulfonyl ﬂuoride, 10 μg/ml leupeptin and 4 μM pepstatin A
using a Physcotron (Nichi-on Medical Co., Tokyo) for two periods of
30 s at setting 7. The homogenates were centrifuged at 15,200× g for
15 min at 4 °C. The resulting supernatants were then ultracentrifuged
at 45,000× g for 1 h at 4 °C. These supernatants of ultracentrifugation
were kept as a crude neural extract in aliquots at −80 °C until use.
Preparation of neural extract for an in vitro maturation assay
To obtain neural extracts to use in the biological assay, the frozen
buccal parts were pulverized and homogenized in artiﬁcial sea water(460 mM NaCl, 10.1 mM KCl, 9.2 mM CaCl2, 35.9 mM MgCl2, 17.5 mM
MgSO4, and 10 mM boric acid at pH 8.2), then ultracentrifuged and
stored as mentioned above. The same lot of prepared extract was used
to compare sensitivities among ovarian fragments prepared from
different females.
Preparation of ovarian fragments for an in vitro maturation assay
For small-scale experiments, a portion of ovary was excised
through a short incision in the body wall on the right side of the sea
cucumber. To obtain a large number of ovarian fragments, animals
were sacriﬁced and the whole ovary was removed. The excised
ovarian tissue was immersed in artiﬁcial or ﬁltered natural sea water
and cut into small fragments of 3mm in length. The ovarian fragments
were then cut through lengthwise. The opened fragments sponta-
neously turned inside out to expose a mass of follicle-enclosed
oocytes. The opened ovarian fragments were rested for 1 and half
hours at 20 °C to check the incidence of spontaneous maturation.
Ovarian fragments that did not display spontaneous oocyte matura-
tion were transferred and kept in fresh sea water until use. Ovaries
with high spontaneous maturation rates were discarded.
Estimation of gonadotropic activity using an in vitro maturation assay
During the puriﬁcation, gonadotropic activity was detected by
incubation of ovarian fragments in 200 μl of the test solutions for one
and half hour at room temperature using a blood coagulating plate
(TOMY SEIKO Co., Tokyo). For the estimations of bioactivities of the
synthetic peptides, ovarian fragments were incubated for one and half
hour at 20 °C in 400 μl of peptide solutions using a 48-well multiwell
plate. The gonadotropic activity was determined by calculating a
percent of germinal vesicle breakdown (GVBD) and also by estimating
the incidence of ovulation of oocytes from ovarian fragments. For
some speciﬁc experiments assessing gonadotropic activity at extre-
mely lower concentrations of synthetic peptides, the medium
contained 0.1% bovine serum albumin to suppress adsorption of
peptides to the surface of the plate.
Puriﬁcation of the gonadotropic activity
One hundred and ﬁfty frozen buccal parts (219.3 g) were used for
chromatographic puriﬁcation of the gonadotropic activity. After
ultracentrifugation, the crude extract was separated by serial ultra-
ﬁltration with AmiconUltra YM30 and YM10 (Millipore). The
gonadotropic activity was mainly recovered in the fraction of less
than 10 kDa. After YM10 ﬁltration, the ﬁltrate was lyophilized to
estimate the recovered amount (24.27 g).
The lyophilized preparation was dissolved in 60 ml MilliQ water
and centrifuged to remove insoluble matter at 6000× g for 10 min at
4 °C. The supernatant was applied to a Develosil C8-UG-5 column
(20×50 mm) and eluted with 80% acetonitrile containing 0.1%
triﬂuoro acetic acid (TFA) for desalting. The desalted efﬂuent was
lyophilized (123 mg).
The lyophilized extract was fractionated by reversed-phase high
performance liquid chromatography (RP-HPLC) using a Develosil
RPAQUEOUS-AR-5 column (10×250 mm) with a linear gradient of
acetonitrile from 10 to 40% with 0.1% TFA. Each fraction was
lyophilized, then dissolved in 0.5 ml MilliQ water to detect the
gonadotropic activity by the in vitro maturation assay. The fractions
containing the gonadotropic activity were combined and separated by
a Develosil RPAQUEOUS-AR-5 column (10×250 mm) with a linear
gradient of acetonitrile from 10 to 30% containing 20 mM ammonium
acetate (pH 6.0). The fractions were lyophilized and assayed as
mentioned above. The active fractions were combined and separated
by a Develosil RPAQUEOUS-AR3 column (2×250 mm) with a linear
gradient of acetonitrile from 15 to 22% with 0.1% TFA. The fractions
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in fractions 30 and 33 of the last chromatography step. The ﬁrst and
the second chromatography steps used a Hitachi LaChrom Elite
system (Hitachi High-Technologies Co., Tokyo). The third chromato-
graphy step used a SMART system (GE Healthcare Bioscience, Tokyo).
Fractions 30 and 33 were analyzed for accurate mass values and
amino acid sequences by liquid chromatograph–tandem mass
spectrometers (Quattro Premier, Waters, MA; nanoFrontier LD,
Hitachi High-Technologies, Tokyo) and a protein sequencer (491
cLC, Applied Biosystems, CA).
Observations of spawning behavior after administration of
synthetic peptides
For this experiment sea cucumbers were preselected by observing
the average size of oocytes and sensitivity to synthetic peptides using
excised segments of an ovary. Peptides were dissolved in ﬁltered
natural sea water to make concentrated stock solutions and injected
into the body cavity from the dorsal side. Sea cucumbers were
weighed to determine the injection volumes of the peptide solutions.
The injected volume was 0.1% (v/w) for an individual. Injected sea
cucumbers were returned back to aquaria for observation of spawning
behavior.Fig. 1. Oocyte maturation and ovulation induced by treatment with nerve extract or syntheti
1.5 h in the presence (b, e, f) or absence (a) of a nerve extract or synthetic peptides. The co
medium (b). Concentrations of NGIWYamide (e) and QGLFSGVamide (f) were adjusted at 10
these pictures are shrunken ovarianwalls. Immature oocytes with intact germinal vesicles are
envelopes (d). Bars indicate 150 μm.Results
The extract-induced GVBD and ovulation from ovarian fragments
Fully grown oocytes of A. japonicus reached 150 μm in diameter or
more during the breeding season. Ovarian fragments containing fully
grown oocytes responded to the neural extract by ovulating oocytes,
but fragments containing oocytes smaller than 150 μm diameters did
not respond to treatments. Therefore, we selected sea cucumbers with
oocytes of 150 μm in diameter for in vitro experiments. Ovulation
occurred within about half hour after administration of the neural
extract at 20 °C. Most oocytes detached from the fragments had
already lost follicular envelopes and nuclear membranes had
disappeared. However, some oocytes still retained germinal vesicles
when ovulated and then underwent GVBD. Interestingly, the
disappearance of the germinal vesicle after ovulation of some oocytes
is consistent with observations on other sea cucumbers, Holothuria
leucospilota and H. pervicax, by Maruyama (1985).
Ovarian fragments excised from preselected sea cucumbers
responded to diluted neural extract equivalent to a 1/800 of one
buccal tissue in 200 μl of test solution. Ovarian fragments prepared
from highly sensitive individuals responded to the neural extract at
1/6400 buccal tissue. Fig. 1 show an ovarian fragment responding toc peptides. Ovarian fragments excised from sexually mature females were incubated for
ncentration of the extract is equal to 1/800 of one buccal tissue in 200 μl of incubation
nM and 1 μM, respectively. GVBD and ovulation occurred in panels b, e, f. Shadows in
surrounded by follicle cells (c), andmature oocytes lose germinal vesicles and follicular
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vesicles were found in ovulated oocytes (Fig. 1d).
Puriﬁcation of the gonadotropic activity
Maruyama (1985) estimated the molecular size of an endogenous
substance responsible for oocyte maturation of sea cucumber, H.
leucospilota, as several thousand daltons by Sephadex G-50 gel
permeation chromatography. In this study we used ultraﬁltration
with YM-30 and YM-10 membranes to separate the gonadotropic
activity according to molecular size. The activity wasmainly recoveredFig. 2. Separation of the gonadotropic activity by RP-HPLC. All three chromatography
steps were performed with the same chromatomedia (RP-AQUEOUS, Nomura Science,
Seto, Japan) under different elution conditions as mentioned in Materials and methods.
Dotted lines in the chromatograms indicate changes of programmed concentrations of
acetonitrile in the eluents. Hormonal activity in each fraction is shownwith the help of
bars hanging from the top side of the chromatograms (a, b). The length of each bar
corresponds with the relative strength of the most active fraction in each chromato-
gram. The fraction without a bar contained negligible or no hormonal activity. The
gonadotropic activity was eluted in the range of retention times from 34 to 38 min in
the ﬁrst chromatography (a), and from 45 to 50 min in the second chromatography (b).
In the third chromatography each peak was fractionated individually by manual
operation of a SMART system (c). Arrow heads indicate fractions 30 and 33 containing
the bioactivity.
Fig. 3. Concentration dependence of NGIWYamide and QGLFSGVamide to induce GVBD
in ovarian fragments. Ovarian fragments were incubated with NGIWYamide (□) and
QGLFSGVamide ( ) at various concentrations. Bars represent percentages of GVBD
(means+SD of duplicate determinations of four separate experiments). Bars with
different labels differ signiﬁcantly (Pb0.05⁎, Pb0.01⁎⁎). All means of NGIWYamide do
not differ signiﬁcantly. In QGLFSGVamide, concentrations between 10 μM and 1 μM, and
between 1 μM and 100 nM do not differ signiﬁcantly. The grouping symbol at the top
side of the graph indicates a signiﬁcant difference between NGIWYamide and
QGLFSGVamide at each concentration. Signiﬁcant differences were determined using
Wilcoxon's rank sum test.in the YM-10 membrane ﬁltrate (cutoff at 10,000 Da) in agreement
withMaruyama's results. The ﬁltrate was separated by three serial RP-
HPLCs (Fig 2). On the third chromatography, the gonadotropic activity
was separated into two independent fractions, Fractions 30 and 33
(Fig. 2c). Both fractions were analyzed bymass spectrometry (MS) and
protein sequencing. The amino acid sequence of Fraction 30 was
NGIWY, and Fraction 33's sequence was QGLFSGV. While the
calculated monoisotopic mass values of these sequences were
651.320 and 706.365, analyses by mass spectrometry indicated mass
signals of 650.35 and 705.42, respectively. Further de novo sequencing
analyses of these mass signals suggested that these had the same
sequences as those given through protein sequencing except for anFig. 4. Concentration dependence of NGIWYamide and its derivatives to induce GVBD in
ovarian fragments. Ovarian fragments were incubated with synthetic analogues at
various concentrations. NGIWYamide (□), NGLWYamide ( ) and NGIWY-COOH (▪)
were examined. Bars represent percentages of GVBD (means+SD of triplicate
determinations of six different experiments), and bars with different labels differ
signiﬁcantly in each peptide (Pb0.05⁎, Pb0.01⁎⁎). The grouping symbol at top side of
the graph indicates a signiﬁcant difference among two peptides at each concentration.
All means of NGLWYamide do not differ signiﬁcantly. Signiﬁcant differences between
means were determined using Steel-Dwass's pair-wise comparisons.
Table 1
Concentrations of NGIWYamide and NGLWYamide required to induce spawning of
males and females A. japonicus
Dose at 1st injection NGIWYamide
Total number Spawned at
1st injection
Spawned at 2nd injection
(100 nM)
Female
10 nM 4 3 1
1 nM 5 0 5
100 pM 5 0 5
10 pM 5 0 5
Sea water 4 0 4
Male
10 nM 5 5 –
1 nM 5 0 5
100 pM 5 0 5
10 pM 5 0 4
Sea water 4 0 4
Total number Spawned at
1st injection
Spawned at 2nd injection
(10 nM)
Female
10 nM – – –
1 nM 3 3 –
100 pM 3 2 –
10 pM 3 0 –
Sea water 3 0 –
Male
10 nM 4 3 1
1 nM 4 4 –
100 pM 4 0 4
10 pM 4 0 4
Sea water 4 0 4
A second injection was given to individuals that were not responsive to the ﬁrst
injection. All females had been conﬁrmed to be responsive by in vitro assay. Hyphens in
parentheses indicate not tested.
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we determined that the sequences of the components in Fractions 30
and 33 were NGIWYamide and QGLFSGVamide, respectively.Fig. 5. Developing larvae and a young sea cucumber. Fertilized eggs after artiﬁcially-induc
auricularia stage 4 days postfertilization (a), late auricularia stage 13 days postfertilization (b
into a young sea cucumber at 20 days postfertilization (d). The scale bar indicates 100 μm.Gonadotropic activities of synthetic peptides
Two peptides, NGIWYamide and QGLFSGVamide, were chemically
synthesized and GVBD-inducing activity and ovulation were esti-
mated using ovarian fragments of A. japonicus. Both peptides induced
usual ovulations as shown in Fig. 6e (NGIWYamide) and Fig. 6f
(QGLFSGVamide). NGIWYamidewas extremely potent even at 1 nM or
less (Fig. 3). QGLFSGVamide was less potent in inducing GVBD and
ovulation, with effective concentrations being 1 μM or more. The
stimulatory activity of the NGIWYamide was a thousand times more
than that of QGLFSGVamide in inducing GVBD and ovulation.
Gonadotropic activity of synthetic derivatives of NGIWYamide
Two synthetic derivatives were prepared. The isoleucine of
NGIWYamide was replaced with a leucine to give NGLWYamide. The
C-terminal amidation of NGIWYamide was also replaced with a free
carboxyl residue, NGIWY-COOH. The gonadotropic activities of the
two derivatives were compared with that of the natural NGIWYamide
(Fig. 4). NGLWYamide was effective at 10 pM or less, a hundred times
more potent than the natural peptide, NGIWYamide. However,
NGIWY-COOH barely induced GVBD and ovulation at 100 nM.
At these lower concentrations, it was strongly suspected that
adsorption of the peptides to the surface of culture plates and pipette
tips was occurring. To compare the gonadotropic activity of the
peptides precisely, we used artiﬁcial sea water containing 0.1% bovine
serum albumin (BSA) to decrease absorption. Although dependent on
the sensitivity of the individual sea cucumber, NGLWYamide was
occasionally effective even at 1 fM (data not shown). Under these
conditions, NGLWYamide was also a hundred times more potent than
NGIWYamide.
Effect of NGIWYamide and NGLWYamide in inducing in vivo spawning
NGIWYamide and NGLWYamide were injected into sexually
matured males and females to examine the effect on inducing
spawning behavior (Table 1). For this experiment, females wereed spawning were kept in a large seeding tank. Photographs show larvae at the early
) and at doliolaria stage 13 days postfertilization (c). A doliolaria larva metamorphosed
Fig. 6. Effectiveness of NGIWYamide depending on a structural difference of the ovarian fragments. Ovarian fragments and follicle-enclosed oocytes detached from the ovarian wall
were incubated for 1.5 h in the presence (b, d, f) or absence (a, c, e) of 10 nM of NGIWYamide. Oocytes with an ovarian wall matured in the presence of the peptide (b), but oocytes
detached from the ovarian wall did not mature even with intact follicle layers (f). Oocytes resembling beads on a string matured (d). The arrowheads indicate a band of tissue (c, d).
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or NGLWYamide by in vitro assay. Injections of NGIWYamide induced
spawning in males and females at 10 nM. NGLWYamide more
effectively induced spawning in males at 1 nM and in females at
100 pM. Second injections were given to individuals that failed to
respond to the ﬁrst injections in order to conﬁrm responsiveness to
the peptides. NGLWYamide was at least ten times more potent than
NGIWYamide, as in the case of in vitro experiments.
Sea cucumbers returned back to aquaria after the injection began to
climb a rocky pile on the bottom of the tank within 10 min. When they
reached the top of the pile, sea cucumbers raised and shook their heads.
Gamete release from the genital pore occurred just after the start of
head shaking or a little later. Gamete release occurred 45–60 min after
the peptide injections in males and 70–90 min in females, and
continued for 60–90 min in males and 30–60 min in females. This
series of actions from climbing to spawningobserved in the experiment
seemed to be a typical behavior of spawning by sea cucumbers.
After the spawning experiments, fertilized eggs were kept for
continuous observation to conﬁrm normal development. Fig. 5 shows
developing larvae and a young sea cucumber just after metamorpho-
sis without any morphological abnormality.
Failure of NGIWYamide in inducing GVBD on follicle-enclosed oocytes
detached from an ovarian wall
To examine the site of action of NGIWYamide on stimulation of in
vitro ovulation we used three different preparations with smallnumbers of follicle-enclosed oocytes (Figs. 6a, c, e). Oocytes without
attachment to ovarian wall were prepared manually with ﬁne forceps
(Fig. 6e). Although this preparation still retained intact follicle layers, it
did not undergo oocyte maturation after the treatment with NGIWYa-
mide (Fig. 6f), while oocytes in the control preparation containing
ovarian wall underwent oocyte maturation (Fig. 6b). We then carefully
prepared small clusters of oocytes which included a small piece of
ovarian wall tissue. In this preparation, oocytes appeared to be
connected by the tissue (Fig. 6c). This preparation responded to
treatment with NGIWYamide (Fig. 6d). These observations indicated
that some unknown structure in the ovarianwall was necessary for the
action of NGIWYamide. During the preparation of follicle-enclosed
oocytes detached from ovarian wall, we often obtained follicle-free
oocytes. These oocytes shed follicular envelopes automatically and
looked normal, however, they did not respond to NGIWYamide (data
not shown).
Discussion
The extract prepared from the buccal tissues effectively induced
GVBD and ovulation in ovarian fragments of A. japonicus in an in vitro
assay (Figs.1b, d). As the sensitivity to the extract varied greatly between
individuals, meaningful statistical analysis was not possible. However,
using an individual of high sensitivity, activity in the extract could be
detected at concentrations as low as 1/6400 of one buccal tissue.
In the ﬁnal chromatography step, we obtained two active fractions
which contained two small peptides,NGIWYamide andQGLFSGVamide.
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threshold concentration of each peptide was quite different (Fig. 3).
Because of its potency, NGIWYamide is strongly suspected to be
involved in the regulation of GVBD and ovulation. In contrast,
QGLFSGVamide displayed similar bioactivity at a relatively higher
concentration of 1 μM. For this reason, QGLFSGVamide does not appear
to be the primary endocrine regulator of oocyte maturation. Therefore,
we focused on the effect of NGIWYamide in inducing oocytematuration
and spawning in this study.
The isoleucine of NGIWYamide was replaced with leucine to
examine the effect of the amino acid substitution. Interestingly, the
analog, NGLWYamide, was 10–100 times more potent than NGIWYa-
mide (Fig. 4). When using ovarian fragments from individuals of high
sensitivity, NGLWYamide was effective at 0.1 pM or less. In the
presence of 0.1% BSA to decrease adsorption of the peptide, the
effective concentration decreased to 1 fM or less. In contrast, replacing
C-terminal amidation of NGIWYamide with a free carboxyl residue
markedly decreased the activity. These results indicate that NGIWYa-
mide may act at quite low concentrations in vivo, and C-terminal
amidation of the peptide is indispensable for bioactivity. At present a
molecular mechanism for the remarkable increase in hormonal
activity by the amino acid substitution is still unexplainable. The
small and simple structure of NGIWYamide will be helpful for the
further analysis of structure–activity relationship.
Injections of NGIWYamide and NGLWYamide into the abdominal
cavity induced gamete spawning in males and females at concentra-
tions of 10 nM for NGIWYamide and 1 nM for NGLWYamide.
NGLWYamide was also more effective than NGIWYamide (Table 1).
Sea cucumbers injected with these peptides showed the same
characteristic behavior. The induced behavior was composed of a
series of actions that appeared as typical spawning behavior of sea
cucumber. Fertilized eggs developed into young sea cucumbers via the
typical larval stages of auricularia and doliolaria (Fig. 5). Thus,
NGIWYamide may be a natural inducer of gamete maturation and
spawning of sea cucumber, and its chemical analog NGLWYamide is a
potent artiﬁcial analog.
The effective concentrations between in vitro and in vivo experi-
ments were almost 100–1000 times different (Fig. 3 and Fig. 4). The
reason for the requirement of relatively higher concentrations of
peptides in vivo is not known. As the effective range of concentration
of the peptide is quite low, the peptide might be absorbed or quickly
metabolized by abdominal tissues. Although we do not have any
information about the site of action of the peptides, inhibitors may be
present in vivo. Thus, the peptide must be present at higher
concentrations to overcome inhibition.
This study was originally conducted to ﬁnd some GSS-like
substance of sea cucumber as reported by Maruyama (1985). He
reported fundamental analyses of radial nerve extracts of two
different species of sea cucumber, H. leucospilota and H. pervicax.
The extracts induced oocyte maturation and ovulation in isolated
follicle-enclosed oocytes, but not in follicle-free oocytes. The active
entity was analyzed as a heat-stable, peptidic substance with a
molecular weight of several thousands. He concluded that the radial
nerve extract of sea cucumber contained a factor, similar to starﬁsh
GSS. In contrast, although NGIWYamide has a potent maturational
activity, it is a pentapeptide and does not induce GVBD and ovulation
in follicle-enclosed oocytes as well as follicle-free oocytes. With these
distinct differences, NGIWYamide is not the GSS-like substance which
was previously analyzed by Maruyama. In this study, by chasing the
hormonal activity, we ended up with at NGIWYamide but not with a
GSS-like substance. This unintended consequence might have arisen
as a result of using a different part of nerve tissues or applying an acid
extraction method.
For successful induction of GVBD and ovulation, NGIWYamide
required some part of ovarian wall (Figs. 6c, d). Interestingly,
Schuetz (2000) already reported a similar observation on the actionof radial nerve extract of starﬁsh, Pisaster ochraceus. The nerve
extract did not induce GVBD in isolated follicle-enclosed oocytes,
and required a small piece of ovarian wall in its activity as observed
in this study. But, in both cases of Pisaster and A. japonicus, the exact
site of hormonal action on ovarian components remains unknown.
More analysis is required to elucidate the mechanistic aspects
underlying the hormonal action of NGIWYamide, so as to character-
ize the differences between the modes of actions of NGIWYamide
and GSS.
We have puriﬁed and identiﬁed NGIWYamide by tracing the
biological activity of extracts in inducing GVBD and ovulation during
puriﬁcation. However, a peptide with the same sequence has already
been reported to induce contractions of radial longitudinal muscle,
intestine and tentacle of sea cucumber (Iwakoshi et al., 1995; Ohtani
et al., 1999; Inoue et al., 1999). Birenheide et al. (1998) had also
reported that NGIWYamide induced stiffness of connective tissue in
the body wall dermis of sea cucumber. In these studies the peptide
was used at 0.1 μM–0.1 mM on the longitudinal muscle, 0.1 mM on
the tentacles, 0.1 mM on the intestine, and 1–10 μM on the body wall
dermis. The concentrations of the peptide used in these reports were
much higher than those needed for gonadotropic action in this
study. NGIWYamide induced peristalsis in ovarian fragments at 1 nM
or less. Peristalsis led to the shedding of almost all the mature
oocytes in the fragment, after which the fragments shrank. We do
not know whether NGIWYamide directly triggered peristalsis of the
ovarian wall, but it is interesting that similar contractile actions were
stimulated at quite different concentrations of the same peptide in
other tissues.
Inoue et al. (1999) observed immunolocalization of NGIWYamide
in detail by using a polyclonal antibody raised against NGIWYamide.
They showed immunoreactivity of various tissues such as radial nerve,
circumoral nerve ring, podial nerve, tentacle nerve, intestinal nerve
and also in the body wall dermis. Although they did not check gonads,
the wide distribution of NGIWYamide may suggest a common
function such as a regulation of contraction. However, the exceptional
sensitivity of gonads to NGIWYamide, including the contractile action,
indicates that there is a strong functional relationship between the
peptide and gonads.
In this study, we puriﬁed a gonadotropic activity of sea cucumber,
A. japonicus, and identiﬁed a peptide that induces GVBD, ovulation
and spawning at low concentrations. Although the cellular sites of
synthesis and the targets of the peptide are unknown, it is likely that
the peptide act in a different way from GSS. It is also interesting
whether the peptide displays bioactivity during the period of
vitellogenesis prior to the natural spawning season. The peptide
may become an effective tool for artiﬁcial induction of spawning, and
the in vitro techniques used in this study may be useful for
monitoring sexual maturity of sea cucumber in aquaculture. Since
we named the identiﬁed native peptide “Cubifrin”, we designate the
synthetic peptides NGIWYamide as “Cubifrin-I” and NGLWYamide as
“Cubifrin-L”.
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